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(57) Abstract: 

PURPOSE: To inexpensively produce the optical 
waveguide which has a large difference in the refractive 
index between a core and a clad and is low in warpage 
and small in loss. 

CONSTITUTION: An Si substrate 1 has the projecting 
core 2 of SiONH which is coated with a clad 3 and is 
formed by a plasma CVD method. Additives for controlling 
a refractive index, such as P and Ge, are incorporated 
at a slight ratio of 210mol% in the core 2. The refractive 
index itself of the core is dominantly determined by the 
SiONH which is an essential component. The additives for 
controlling the refractive index, such as P and Ge, act 
as the additives for controlling physical 
characteristics, such as coefft. of thermal expansion of 
the clad and the substrate or softening temp., and for 
decreasing the content of H. As a result, the higher 
refractive index of the core is obtd. and the matching 
of the coefft. of thermal expansion of the clad and the 
substrate is possible. 




32 mthr \ 3 

31*i»iK J 



1 



(19)B*BW5iWf CJP) 



(i2) & m i# & m ^) 



(51)IntCL 5 

G 0 2 B 6/12 
C 0 3 C 13/04 



N 7036 -2 K 



^¥5-241035 

(43)&P8B 5^(1993) 9 ^21 B 



F I 



S£M* *»# If *^<?>SS( 8 13 JO 



(21)fcBH*-«§- 


*SIH 5 F4-39927 


(71)ttJPA 


000005120 








b sasttefe^a 


(22)fcBBiB 


¥££4^(1992) 2 27 B 










(72)36^ 










^^ll±ffim*Ba^0T355O#it& B 














(74)ftSA 





(54) ^m*<kV J tV>W&lj& 
(57) 

CVDSlCj;^tM«ftftS i 0NHOfl«n72^ 
^p0 0 C®372KttP, G e*HO®tfT^StJ1»ffljSJlP 

ft^i o ; e;v%ttToi^fti^snt^5 0 ^t<t> 



2 37(PK-7-S10NH) 

32 2f£2*7*r 

1 Si&fc 





-1- 



ncp (nc P <n« ) <OZ^ V FTS^ /cTtSi&B^fc^ 
IBffl^M^^fL/cS i Ox Ny Hz (x, y>0, 

* e i: *«f« i: -T a 3£»«a»o 

[M&B 6 3 1 - 5 Ov^"Tn^fc:«B*03HiiftB 

Icfcl^T. JBSfspWWfflSiPlSl^dftUfcS i Ox Ny 
Hz O^Tti^XvC V DSlCc}; Mff^n/c^^T 

M*a7]JBJfWn. <fc9fcffi^«*fco3fi±. 
ftS^tt^ite^jsRStifc*^* F/f±£. S i H 4 
JSSWiS i (OC2 H5 ) 4 HSrspWffliffljSiratei 
^ifxt N2 ot, *afite:jBi;TN2 fcfcffli^ 

TBWn« ©BW*ffl»ffiSJtatt*«A,7£ S i Ox 
Ny Hz K«rCDVffifcJ:^^-r§XSi:. 

vidtax-rsxgi:. ftpxLfcia«^*->« 
M±tc/atff^nw j:hiw77 KM*«wr£xa 

[00 0 1 ] 
[0 0 0 2] 



(2) KPBR¥ 5-2 4 1 0 3 5 

2 

x#a@£n&<£5tc&oT£/co 

[0 0 0 3] ft*ftBO«t^ *S£E3SIS;!f^X*fe*ifi 

7K^^as^«]e>tiTi/^o cnti. (a) s/ua 

2 4 aRtf*<DB!±lcJB«f*»J«lffliSiiP ! » (T i fcS^ 
liGef) ^/cE^^7X^f>^:l»37fflMSI 
2 2a*MU (B) *n60ftP«aWffc:tJ:t)/^y 

7712 4^3 712 2 b * feO¥ffliK»»BJ«*« 
JSg-T^o (C) Stf (D) 77^2 5*fflt^H7^x 

JBBttoaTJi 2 2 j&WT 5 3 ac7EJttWW*»*"4" 
£ 0 (E) c<Q3^ft»&B±lcS3l;tf7Xfr6£:S 
Fffl^?LI!2 3 a^rffMU (F) *O*0j»a 

?ntt^ (ST : 7t*?£Bi£ffi, l. ^OjtiHftB 

fiEtBx 0 plus E No. 78 pp. 59-67) 0 
20 [0 0 0 4] 

1 0^3fi/f^XJt#iftB0H^J*U:tt*0J:^ *HI 

[0 0 0 5] (1) 37t^7 7Fi:^Bf]f$i^ 
^^X^B^3gt-^^^{cB^M»fflS*P»* 
#^B»*©]Sv^37^XK*^^y^rJIo±Jujg 

[0006] (2) ±ie (1) oiistm^ 3 

Tfc. HI 1 CB) flD«aS^n-feXTa*f*««JIPffljSiP 
»^JP«LTL*l\ B})r$(?)iftV^71^StSC 

40 [0 0 0 7] (3) B*r*WJWffi»*Pftl**<*A,^3 
7M1 1 (D) F7>Txy^^ 
n-fextcJ;t)/^"--vy-r5^. 3 7MMtiS 
i O2 fc±ffiiSAP«»t<Dxy5 1 vya*<0itl/^J:oT 

[0008] (4) mwT*m&&m*&tii?%rczb\c, 

«B^n-bX^2Isl ((Ull (B) Rtf (F) ) fc* 

50 ft^tyr^u^o 



-2- 



3 

[0 0 0 9] (5) HI 1 (A) RZf (E) <D&HKM 

[0 0 10] (6) m 1 2\Z7r<t&o\c, B0fs|U . 4 
6«±OiS^nr«*fBfiK*-a:<fc'5i:-r«i:. TUG 
e. AK PaHOBSfapWJWffl8ftn«ft*l 0^e;l/%W 

±tjSins*a»ntfa6ai/^ (a) 0 l*pu *n£ 

otiTSKW3MHR*^*<«ftbT<« (B) o %<Dtc 
*b. n 7«Jgja»fc»fi^S t> b, ( 1 ) icSB'Vc 

[0 0 11] ffii^rwa^mmir 

««szi ^oaasa § c £ ^ » s 0 

[0 0 12] 

Sf^nw CDCiKOnTO^^aSf^ncp (nc P < 
nw ) (DZ^v V^m^Tc^M^&lC^T, ^TCDtt 
IlcGe, P, SSWiAU T i a£OSffi*M«H 
j$*n?&%#*L7-cS i Ox Ny Hz tem^Zkofclsfc 

aroJB»f*©*»»*NOd*a-e#JWL, Ge, P 
Sfc. nr»£&£S i Ox Ny Hz lct>*Ffr\cG e , 

[0013] ±ie^»i£K©«Bfi;fri£ti\ B#r^ 

±tCflM2tlfc^^y KJf±^, S i H4 GfeSWiS 

1 (OC2 Hs ) 4 ) t, HSf*MWffl«AO»*^/u/£ 
#X (M^SG e H4 ) Nz i&SlCJSCTN 

2 fc*ffll^T«ffl{t¥JK*56 (CVDS) fc«fct>HSr* 

tfn. o^rm<omiftm®mmmimWi* 4 £fot£ s i Ox 
y j: d * * - >tc fipx-r * x*§ , /jpx l it att 

[0 0 14] tKDif'&lC&^T, <fcD3gBjfT\ Jftffiftn 

(Has* o fc(ttv^ia«-e!i!«a«-r«ia*f*iiP'r* c *: 



(3) 4 1 0 3 5 

[0 0 15] 

[ffffl] 37JCS i Ox Ny Hz 

&~DTmmicmffl~?2>C£tfT*Z2>o COS iOx Ny 

Hz (cp, g e&Em&frzm^T^zmtfimfflfflmWi 

So ~?rst>%, limits u ftStSi^'J^H^r 

7X, $5t(iS 102 ICB, P f F, Ge&ifcDjSftJ 

K9flHRtiS i 02 J;H^<^l)o ^-Ofcftki, * 

So 

[ o o 1 6 ] s i Ox Ny Hz mz s i 02 izjBL^mm 

£#T#£ 0 i Ox Ny Hz Jg«N<D^r*£ 

ISSffTSChklcfcoT 1. 4 5 8^61. 60)S<$T* 

[0017] Lfr&*mi<oytm\&&(Dm&y5mz77 

Xv C V D ffifc: J: ^ T3fET*l»?g«: n Tm%&j£-?Z> C 

faffl^T^/cGe, P4H^ffiff$Mffl»ft(i:fl 
^>^n^xlc£D^#-x:y^LT£>, S i 02 £ 

«BBoiHiiOittomntf/h^<fto, ^ntiiEH-rsKa 

[0 0 18] S/cSS^bT. Sttft^^^K^X 
3-->^5XttO7 0 5 9*7^ 7 7 

SOT\ 3ttlHlBcofi3Xhft«r^&tc»Bf9-r5c4:3b^ 

50 tf^So 



-3- 



(4) 



«rBB¥ 5-2 4 1 0 3 5 



[0 0 19] ^\ #589§T?fflV>5G e, Pftif*** 
LfcS i Ox Ny Hz Bttt, ^XTCVDSmi: 

a*tcSfiJ& 10 0-3 5 ortcffiHlcftp^UT^^, 
CCOy^XV^SM*^. S i H4 % Ge 

H4 , N2 0StfN2 #**a&Di&A/?J^**o »6 

nsis^s i 02 w^cN^H^-s-snTv^ci^^a 
m&&^m. B*r*fcfc»<*scfctfT*s 0 

[0 0 2 0] riMLfdWiS i Ox Ny Hz TfeO, 
y, z ^(cont x (iS^t^o SSf*^ffit>S, 
xtt2teifr3!N y So ^Bflf$^^gy 

0. 0 0 1 fifi%fr£f&fi§%<OSEffl*£&£o gtzCCD 

for, *56WOWBSf*IS, {g<MS#c#, «a 

mmmi&i. 46*^1. 6 1 obit*s5 0 n 

JBT?*ftV\, 1. 6 1 NtfAOiBSfT 

S ix Ny £a^ft£ft£<OT#$L<ft</\> 
[0 0 2 1 ] 

S i Ox Ny Hz (D^B&-t^Wr*$>^o 

y «s 6 tr^mm 1 #KBsn, cneom 

S6, 7BfciKH««Wl 2fr6«fl»«ff#^DSn 

[0 0 2 2] T»«tt7±te«fil#B«3*u 
i7T^fi:t-^ 1 O^BiE 1 1 *0IJ»rr£c t\c 

*vr*en9 i^riPi^&as6tiT*fc??fx (s i H4 , p 

H 3 , N2 0, Rtf&BJCJEStfTNa £-«ALT&cfc 

y^XvC VDS15 fclftHStlT^So C<D£5ft^ 
ffiBlST*, Pmi/cS i Ox Ny Hz MttWEKA 
O^T'SI^nSo ft*5. milC-$S^T. ±^>-V7S 



[0 0 2 3] CCT% KiEbfcffiBSf^Ha^Sfc:* 
0«^ft^aWJlcot>tI^^o H8&N2 O/S 
i H4 it^fiSfsp 0&R0. 6 3 /imWfi) i:<DBII^ 

■&fti^Wft\ xEntiP^4^;l/%^^^/c^. #m 



70 1. 4 6— 1. 6 8 cfc^tc. El^SHtCfrfcoT 

tx.^ti> JfcB^MA*8%gft£T*:*fK fcScfc 

6 l^gX.I)^±TOtfe^S i Ox Ny Hz 3bV S i 

x Ny teie^«jtefcfta<D-e. a^w<ww»»ffl u 

cfc o taSrK^f^ L^iS < ft o TV^ftV\^ C n 
ttBSf*a*»S i Ox Ny Hz ICfcoT^EWKStS 
«Ct*t«lT^5 0 ^ftfrlS, P«3ft«ffi«», ft 

[0 0 2 4] m9i±P0)iXt>K>lcG e*^*f 

jg^ssasffloffi^. Ho##a^fgM^-^^am^fe 

^S±S7um^^*n C fc ?c J: 9 U 

[0025] Hi^e>0 6«c*^ss#!ifCcfcsa^^« 

^^fcitSfiftB«aT?fcSo fiP^>> lines i^rffl 

i/\ ^^±tcBJ/f^^ncpi cO^l ^^^y F3 1 ^rJFM 
L> ^0±tcBSf^^nw (nw >nc P i ) CD&W<D^i 

7 2WU nr 2 0*ffi*B*f*^ncp2 (nc P 2 
<n w ) ©S2^77H3 2t?SILfc«ifiT*5o =1 
7 21C&P (feS^ttGe) *tfU:S iO. Ny H 
z S1WS2^77 F3 lRtf3 2tC^S i 

40 Ifil^72 to«»3SflHSO«[^i:BSr*0«lfiP 
(ncpi , nc P 2 <n. ) , S 6 £ ttttffcfflKOffiSEfc: 

ct§a7 2Mi« i fc<oa8«tt*fi<-rsrc»k:pa 
tfB^^rurcs i 02 o&s^iiPXttBo^fn^ 

^Ml/cS i 02 ) *ffl^T*So Sl^77K3 1 

«WJ:WILt\ S2^77F3 20lftS( 

ttffl^WMP* 3 7 2 (g^ > ^Vb 

: &— Feaiffl©ii'frU:tt»/imA>6 1 O^^mOSEH. 
50 KG3Sffl[<0«'&K:« 1 0Sfim*^at|/m 



-4- 



7 

CO 0 2 6] H2f4»Kl fC^^^B^Xtffl^ 

ttS i *tKTfeS*\ % l F3 1 i:^2 j^y F 

JfiTfcSo ir&t>*>* Sl j'77F3 1 iciftj&iOCDS i 

02 SrfflV\ 82^77 F3 2KP&tf Bfc^JfLfcS 
i 02 fa&WtPJLltBO^irftfrlkttLltS i O 

b, f, pizE<omm*mmmmafa*'p* 
^ mmmmzmm-tzrctbict^v K3 1M32 

^/uf£S i 02 Ktfffl^fcftSo 

Co 02 7] i5(ilinc>t^wi^7X^^r 

fgnxhfb^HOs Mil F3 1 SO^T 2 *ctij» 

»s««sMi5fflo/asfs(5ffl»*n«i^»*B, p^n^e 
nttinn^o ^2^77 F3 2icmmn<Ds \o 

2^^-j K3 2*ffiS7?C VDteTJERM-r H2 
?^*y F3 2«:^M-rsiBOS?)AV^->*PX±. W 
fcPJ«teft&awp&T*&o H6i41«l 
^X«rfflv\ ^77 F3^IS^S< L/c^7 7 Kfl 

&<i:feia^/£S i02 *ffl^tfcd:v* SiO 

tuxwcuu cvDaicj:oT^77 Fs^sarr*^ 

t & ^ngfpi® k a e> &i Mu^fflT^ & tzisb *v & o 
Co 02 8] is^KDir^§^ H3oss 

3 >^<D S i 1 1^77K3 1 ^ffi'V 0 
8Rffl90PMGet^S iOx Ny Hz Kfc 8 

& 1 %«TT^§^ (H8#KS) „ A^O. 3 4 
-&OS£3KcOJEO»(i 1 OSjimfrS 4 OS/im^JEl^ 

&t>, A*r*-n<k?)k;*:#<-r§£. ^e>^st)*^ii 
ttzmmc&irco cco&^ic^ s iOx N y h z ic 

P, G e^^M< 1 iM^^ 
Silp-r^C^^J;^T^D^>^:<s Kit® Sr^iKDft 

CO 0 2 9] HI Ofc*«WO«S»»B<0«it»iiO* 

ssflw*^ o 1 1 ±^031 i^77FU3i 

J&j£*%:fi~> (A) o C4)Sn FK 1 3 lOM 

^am^o ^5>>y FMl 3 l± 

'V i7^y7XvCVDSiaoT37ll 2 a*^t 
K-TS (B) o C037I12a±lCX/^^ 



(5) ffgfl^z 5-241035 

4^Ml/cI, L^^/HI?:7thUy^77^R 
0'F7>rx7f->Wn-t!X^ct^^^y^t§ 

(C) o 

[00 3 0] f L/t, CE>p<*;t/?X**vx^fc:LT 
FD V^77-<MH7^X7fv^o«CJ; 
0> 3711 2aMl:/^-xyn§ (D) o * 
com, ±»O^*;l/UII*K^-rx»y^>^c: < j:Dffi0l» 
< (E) o ^2*7^11 3 2*7 , 7XVCVD 
70 aiaotMl, i0i^-yS:lf:37 1 2^SS 
£rMS*r£ (F) o ^OS7n*xfcLT2iiD<D;£i£ 
tf&3 0 — OI4 (G) »iLT (H) fcii^ S*^ 

fctK (G) fc^«fc3fc::37Rtf*^y F 

<9ttffciS&£ ?> fcffiWfiS (8 0 0- 1 2 0 0°C) T??F 

[0 0 3 1] 35:43, ±fa7n-feX-C^2 FBI 1 3 

20 ajcfl&odwsa c«ffi*swi»EcvDSfe, 

3fcJSMLTt><fcio 0 

CO 0 3 2] ^fe37WWOX»y^V^mniCOl/^TSe 
*©Ge*13^%t*lfcSi02 *7Xt, *H 
KW©Ge*2*;I/%ttLrcS i Ox Ny Hz #^X 

*tk« L fcJSS, m^co fe o ttx >y ^ y y«B3Sn« 

3 0 0~4 0 0 ASfiO^>a:lHlfl"??feofct0tcWL, 

co o 3 3] *mmz±mmmmicmmzn^\ $-r 

*J£S i (OCHa ) 4 , S i (0C2 Hs ) 4 , PO 
(OC2 H5 ) 3 , Ge (OC2 Hs ) 4 , B (OC2 

Hs ) 3 > m) *fflv^tt>«fc^e &rc±&&myfrzi* 

V\> 2B&CN2 OtfM^frD^NHs £rffl^T£>£V\, 
[0 0 3 4] 

[0035] co isaRjs 1 KieiBojesjisassfccfcn 

fiST*t5S i Ox Ny Hz £fflV\ ^7 7F^Sffii: 

[0036] (2) m^m2^mm<vytmi&mc&ft 

50 1 o j e;b%J^T<b:»»Tfe^cDT\ 37^6*/^ 



-5- 



t I 



(6) 



#fffW5 ~2 4 1 0 3 5 



10 



[0 0 3 7] (3) »««3k:ffil80}t»»B^<J:n 
[0 0 3 8] ( 4 ) m^m 4 Rtf 5 tcE«03tt*«BS*i: 

[0 0 3 9] ( 5 ) 6 Rtf 7 fci2tt03tt»«ttfc: 

[0040] (6) mMmsictmoytmi&mcxn 

[HI] *»ra©mfc«MfcJ;S 

[02] *mn<Dnmmic&% 



la 



[03] *awoji*«*c:<i:«s«tes izmmLt? 

v KOJBK*KCftfH^JIft«3tt«iABKSHo 
[04] ^moXtt0l(cJ:«S4Ek:e3£JR#9^«tt 

[0 5] *KMo*««jc*s»«*c*«>-5r>rii*r5x 

»Tffi0o 

[0 6] *aroo*«S«I^J:SJt«fc:E3S**5X*ffi 
[0 7] *5SWO3TI«»«O^:«><0^XvcVD8 
[08] *«M0*«|«t**PF-y03Tlll0JB»f 

[09] *Kw<Dm&mic£&G e Y-y<D^Tm<om 

[0 10] *«WOIIfli»Jfe:J;S5tt»ifi88co«Jt*»* 

[011] wM(Dftm^(ommy5m^^mmxm 

20 0 O 

[012] ^(o^mmmmmmmmijm^mLfcs 

1 s i as 

2 37 

3 >7 7K 

3 1 Sl^77F 
3 2 S2?77K 



[0 1] 



2 37(Pr-7*SI0NH) 




32 *2^77 r 1 



-7*Si0e) 



-6- 



a < 



(7) 



m WW 5-2 4 1 0 3 5 



[0 2] 

2 37(PK-7*Si0NH) 



[0 1 0] 




32 WhV 
31 mihV 



-rsio 2 ) 



1 ttMWTft** 



[03] 



2 37(Ph*-7*SiONH) 




32 #2*71 r 

(Pfc«fctfBK-7*Si0t) 

31 #i?77r 

1 Si£& 



[0 4] 



2 37(Pr-7*Si0NH) 




32 £2777 r 

(BK-7*Si0«) 

3 — 31 asijwK 

(BK-7'SiO.) 



1 £3^:»'7A*t£ 



^3 



A) 



^131 *Hwf'B 



B) 



I 



-12a 37H 



o 



^ -12a 37K 




12 



D) 



€ 



•14 7Mffl^*JR 



i ^ 



12 



-£-1 31 



131 SBi^n 



F) 



12 



V I V V r 12 



>~13Z 



.132 aWw^a 



G ) 



,12 





i 

















-132 ft**?? I'll 

-131 sw^rie 
^11 

-132 
-131 



— 11 «fe 



6 xms&nT 



[05] 
2 37(Ph*-7*SiONH) 




-K32 ^2fhF 
(SiOa) 

31 #1*77 

(Br-7*SiOO 
-I *W»*'73lS« 



-7- 



(8) 



#F^¥ 5-2 4 1 0 3 5 



[06] 



2 37(PK-7*Si01«D 

(Si0 2 ) 



1 



[08] 



1.70 



1.65 



1.60 



1.55 



1.5 0 



1.-45 




o fy-rtiL 



t~? ri / 71 rr/TT 7~r/~T7 tttt/ti 



0 



50 



100 150 

N*0/SiH*Jfc 



200 



it 
i 



A (90 
12 




10 



8 



-8- 



(9) WBfl¥ 5-2 410 3 5 



[0 7] 




-9- 



(10) WWPF5-2 4 1 0 3 5 



[0 9] 




N 2 0/Sim£h 



-10- 



• I « I 



(11) 



t&m^- 5-2 4 1 0 3 5 



[0 11] 



( A ) 



22a 7im&*M& 



ji - ■ > ■■ 



-2Aa A't7yffl^?lfiS 



( B) 



(E) 



(F) 



22b 37fi 



4--2A 



7 7rH 



j ^21 



3—22 



22 b 37* 



r-frT 



22 3TS 



a- 



rn.rn:. 



^ — 23a ihY 




22 I7JH 



JF^21 Sfc 



-11- 



(12) ¥fffl¥-5 -2 4 1 0 3 5 

im \ 2] 
(A) 

1.50i 1 




| i i i i 1 1 1 — J 

0 2 A 6 8 10 12 14 16 



( B) 




8xSU&JigS(n>ol%) 



-12- 



(13) 

[¥ttttIE« 

MtBBl ¥/£4¥i 2fl20 
PHfcME 1 1 

[fflIE*f»SB€3 0 0 4 0 
BiiErt«3 

[0040] ( 6 ) m&m 8 tew m^mmmc & n 

MlErtS] 
[0ffiOfS#&I&W] 

[0 2] ^fgWO^eytc^SSffilc^^^r^K^X 
£rffiffl Lfeje*«B»fHBIo 

[0 3] #»M©*MMfc<fc*»Rfc:S i«H£fflb*^ 
[0 4] *38WOll3S6tWU:«fc*aiSfc53l^*r^^*ffi 



t^ 1 ? 5-2 4 1 0 3 5 



[05] *&wonfa&ifo& &&&&&& ^titx?* 

[0 6] ^^cD^Sg^JtCcfc^StgtC^^^^X^^ 
[0 7] *^37IMO/c46^y7Xv C V 

Bo^ss^j^^-r«t»§0o 

[08] *f8BH^ffliffiltc<fcSP F-y©37lOlST 
[09] *58W^*]SfHW^cfcSG e K-y©37lOl 
[0 10] *»WO||JISWfc<fe«^*«B©»JS*'ffi* 

^■tsbbxsbIo 

[011] fi£5fc^^SlifiSScOiaji7?}i«:^-r«lW&XS 

0o 

[012] u&<D&nmffimmmmmuW)*:^Lrcs 

i 02 (DB»f*«FttH&tf5»»3B»»«FttBlo 

1 s i as 

2 37 

3 ^77F 

3 1 Bl*77H 
3 2 S2^77F 



-13- 



